Six rumen-fistulated dairy cows were used in 2 trials to validate the technique for the collection of ruminal fluid by an oral stomach tube (OST). Trial 1 was conducted to compare the differences of ruminal fermentation parameters among rumen sites (cranial dorsal, cranial ventral, central, ventral, caudal dorsal, and caudal ventral). The ruminal fluid was collected once per day for 3 consecutive days through rumen cannula (RC). The samples were analyzed for pH, volatile fatty acids (VFA), ammonia N, sodium, potassium, calcium, chloride, and phosphorus concentrations. The ruminal fermentation parameters varied significantly among rumen sites. Compared with the central or ventral rumen, the cranial dorsal rumen had significantly higher pH, ammonia, and sodium concentrations and lower acetate, propionate, and butyrate concentrations, indicating that the sampling site may be one of the main factors contributing to the difference in ruminal fermentation parameters between the samples collected via the OST and RC. In trial 2, the fermentation parameters of ruminal fluid collected via OST at 2 insertion depths (180 or 200 cm) were compared with those of ruminal fluid collected via RC (ventral sac). Ruminal fluid was collected once per week at 5 to 6 h after morning feeding. When the OST was inserted to a depth of 180 cm, the OST head was located in the cranial dorsal (atrium) of the rumen. The ruminal fluid collected via the OST had higher pH and sodium concentrations but lower VFA, potassium, calcium, and phosphorus concentrations than that collected via RC. However, when the OST was inserted to a depth of 200 cm, the OST head could pass through the front rumen pillar and reach the central rumen for sampling. No differences were found in pH, VFA, ammonia N, and ion concentrations between the samples collected via the 2 sampling methods. These results indicated that the OST should be inserted to reach the central rumen to obtain representative rumen fluid samples.
INTRODUCTION
The collection of ruminal fluid is important in disease diagnosis, therapy, and scientific research in ruminants (Geishauser, 1993; Geishauser and Gitzel, 1996; Hofírek and Haas, 2001) . Rumen cannulation (RC) is the preferred method for obtaining representative samples of ruminal fluid, but its use is limited in scientific research (Nocek, 1997) . Rumenocentesis (rumen puncture) and the use of an oral stomach tube (OST) are 2 techniques that can be used in field conditions (Duffield et al., 2004) . Compared with rumenocentesis, OST is simpler, quicker and less invasive (Geishauser, 1993; Duffield et al., 2004) and has been used to collect ruminal fluid by scientific researchers (Einarson et al., 2004; Hook et al., 2009; Lodge-Ivey et al., 2009) .
Opinions relative to the validity and representativeness of ruminal fluid collected via OST are controversial. Some authors (Nordlund and Garrett, 1994; Duffield et al., 2004) believe that the OST technique is susceptible to saliva contamination, resulting in higher ruminal fluid pH than samples collected from RC. Other authors (Geishauser, 1993; Geishauser and Gitzel, 1996; Lodge-Ivey et al., 2009) believe that saliva contamination is rarely a factor, and ruminal fermentation parameters are similar for samples collected via OST and RC. This controversy may be attributable to the different insertion depths of the OST. Bryant and Robinson (1968) , Duffield et al. (2004) , and Li et al. (2009) demonstrated that the cranial dorsal (atrium) of the rumen usually has a higher pH compared with other sites, which is considered the result of rumination and the consequent entry of increased volumes of saliva into the rumen (Bryant, 1964) . Additionally, the flow of saliva induced by probing passes from the reticulum to the atrium of the rumen, also contributing to the 5979 higher pH of the cranial dorsal rumen (Dirksen, 1975) . Therefore, we speculated that the insertion depth of the OST may influence the fermentation parameters of the ruminal fluid collected in dairy cows.
The objectives of this study were to compare the ruminal fermentation parameters among the rumen sites and to investigate the fermentation parameters of ruminal fluid collected by OST under 2 different insertion depths in comparison with those of the ruminal fluid collected via RC.
MATERIALS AND METHODS

Animals and Diets
The experimental procedures used in this study were approved by the Animal Care Committee, Zhejiang University (Hangzhou, China), and were in accordance with the university's guidelines for animal research. The health of the cows was monitored continuously before and during the experimental period.
Six Chinese Holstein cows [BW = 604 ± 36 kg; milk yield = 15 ± 2.4 kg (mean ± SD) at the beginning of the study] fistulated with RC were housed in individual tie-stalls fitted with rubber mats and had continuous access to water from water bowls. The ingredient (DM basis) of the diets contained 17% corn silage, 10% Chinese wild rye, 28% alfalfa hay, 27% corn grain, 5% wheat bran, 5% soybean meal, 4% cottonseed meal, 0.25% calcium carbonate, 1.25% calcium phosphate, 1.0% sodium bicarbonate, 0.5% salt, and 1.0% premix (vitamins and microelements) and were offered as TMR for approximately 5% feed refusal in equal amounts at 0700 and 1900 h. The TMR contained 14.3% CP, 38.6% NDF, and 24.1% ADF with NE L of 1.56 Mcal/kg of DM. The cows were milked twice daily at 0730 and 1930 h, and the individual milk yield was recorded for each milking.
Experimental Design and Sampling Methods
The study lasted for 9 wk and included 2 trials. The OST ( Figure 1A ) used in this study was designed and manufactured by Anscitech Co. Ltd. (Wuhan, China), a modified type of that used by Geishauser (1993) . The main parameters were as follows: length of probe head = 15 cm, mass of probe head = 435 g, diameter of probe head = 3.1 cm, number of holes in the probe head = 160, diameter of the holes = 2.5 mm, and diameter of spiral spring = 18 mm.. Trial 1. During wk 1, ruminal fluid samples were collected through RC once per day for 3 consecutive days from 6 sites of the rumen, namely, the cranial dorsal, cranial ventral, central, ventral, caudal dorsal, and caudal ventral ( Figure 1C) rumen at approximately 5 to 6 h after morning feeding. Sample collection was performed using a probe ( Figure 1B ; Anscitech Co. Ltd.) as described previously by Duffield et al. (2004) , with some modifications. To reduce performance error among the cows, all samples were collected by 1 person, and every sampling site was controlled accurately. The same procedure was followed at each collection. The cranial dorsal sample was obtained by advancing the probe through the fistula toward the head (insertion depth = 55 cm). The cranial ventral sample was collected by inserting the probe at a 60° angle toward the front feet through the fistula (insertion depth = 55 cm). The central rumen was sampled by advancing the probe almost horizontally through the fistula site at a 90° angle to the fistula and no further than the midline of the cow (insertion depth = 25 cm). The ventral rumen was sampled by advancing the probe almost vertically through the fistula site at a 90° angle to the fistula (insertion depth = 45 cm). The caudal dorsal sample was obtained by advancing the probe through the fistula toward the hips (insertion depth = 30 cm). The caudal ventral rumen was sampled by inserting the probe at a 60° angle toward the back feet through the fistula (insertion depth = 50 cm). When ruminal fluid samples were collected from each site, the first 150 mL was discharged into a 1,000-mL plastic beaker to avoid ruminal fluid contamination from the prior site. After sampling each cow, the ruminal fluid in the plastic beaker was turned back into the rumen and the OST was washed using running water.
Trial 2. In wk 2, the insertion depths of the OST from the incisors to different rumen sites (cardia of rumen, front rumen pillar, central rumen, and distal point of caudal-dorsal rumen) were measured by inserting the OST and palpation via the fistula before evening feeding. According to the measuring results, the OST was inserted to a depth of 180 or 200 cm for ruminal fluid collection at 5 to 6 h after morning feeding once per week. The ruminal fluid was collected through spontaneous efflux after aspirating with a modified 60-mL syringe ( Figure 1A ). The OST was withdrawn at a length of 30 to 100 cm and reintroduced to its original depth when no ruminal fluid was siphoned off as described by Geishauser (1993) . From wk 3 to 6, the OST was inserted to a depth of 180 cm. Samples were taken as 4 batches of 150 mL (the first, second, third, and fourth batches) for comparison. From wk 7 to 9, the OST was inserted to a depth of 200 cm. Depending on the results of the samples taken at a depth of 180 cm, the first 150 mL of ruminal fluid was discarded and then 150 mL of ruminal fluid was collected. After sampling via OST, the rumen ventral fluid was collected immediately through RC as described in trial 1 for comparison with that collected via OST.
Chemical Analysis of Samples
The ruminal fluid taken from the different rumen sites in the rumen (trial 1) or from both techniques (trial 2) was strained through 4 layers of cheesecloth. The pH of the strained ruminal filtrate was measured immediately using a portable pH meter (Starter 300; Ohaus Instruments Co. Ltd., Shanghai, China), which was calibrated before each sampling time using standard buffers (pH 4.00 and 6.86). The ruminal fluid collected in wk 3 was only analyzed for pH. For other samples, 5 mL of filtrate was preserved by adding 1 mL of 25% HPO 3 for VFA determination, and 2 other 5-mL samples of filtrate were stored at −20°C for subsequent analysis of ammonia and ion concentrations.
The rumen filtrate was thawed and centrifuged at 20,000 × g for 10 min. The supernatants were measured for VFA by gas chromatography (GC-8A; Shimadzu Corp., Kyoto, Japan) as described by Hu et al. (2005) . One 5-mL sample of each stored ruminal fluid sample was thawed and centrifuged at 3,500 × g for 10 min, and the supernatants were used to determine the ammonia concentrations using the method described by Chaney and Marbach (1962) . Another 5 mL of each stored ruminal fluid sample was thawed and centrifuged at 3,000 × g for 10 min, and the supernatants were analyzed for sodium, potassium, chloride, calcium, and phosphorous concentrations with the color test method using commercial kits (Jiancheng Bioengineering Institute, Nanjing, China).
Statistical Analysis
The data of the ruminal fluid variables for the samples collected from the different rumen sites or collected via OST and RC were analyzed using the MIXED procedure of SAS (SAS Institute, 2000) . The day of collection was a repeated measure (compound symmetry covariance structure). No interactions between site or methods and time of sampling were detected. Thus, the interaction was removed from the model. Differences were considered statistically significant at P ≤ 0.05. The mean separation test was performed using the Tukey multiple range test.
RESULTS
Differences in Ruminal Fermentation Parameters Among Rumen Sites (Trial 1)
The fermentation parameters of the samples taken from the different rumen sites are summarized in Table  1 . Compared with the ventral rumen or central rumen, the cranial dorsal and cranial ventral rumen had significantly higher pH values (P < 0.05). The caudal ventral and caudal dorsal rumen had moderate pH values, but the differences were not significant compared with the other rumen sites. The cranial dorsal rumen had the lowest acetate, propionate, and butyrate concentrations compared with the other sites (P < 0.05), but no differences were detected among the other sites (P > 0.05). The ammonia concentration was not different between the cranial dorsal and cranial ventral sites (P > 0.05), but the cranial dorsal rumen had a significantly higher ammonia concentration than the other 4 rumen sites (P < 0.05). The cranial dorsal rumen had the highest sodium concentration compared with the other sites. No differences were found in the ratios of acetate to propionate or potassium, chloride, calcium, and phosphorus concentrations among the sites.
Differences in Ruminal Fermentation Parameters Between Sampling Methods (Trial 2)
The basic information of the 6 rumen-fistulated dairy cows is shown in Table 2 . Depending on the measuring results, the OST was inserted to a depth of 180 or 200 cm for the following comparison of the 2 sampling methods.
When the OST was inserted to a depth of 180 cm, the first batch had a higher pH value than the other batches (P < 0.05; Table 3 ). The first batch had a lower acetate concentration than the fourth batch (P < 0.05), but no differences were observed with the other 2 batches (P > 0.05). No differences existed among batches in the ammonia, propionate, butyrate, sodium, potassium, chloride, calcium, and phosphorus concentrations (P > 0.05). Compared with the ruminal fluid collected via OST, samples collected via RC had a lower pH value and sodium concentration, but higher ammonia, acetate, propionate, butyrate, potassium, calcium, and phosphorus concentrations (P < 0.05). No difference was observed in the ratio of acetate to propionate or chloride concentrations between the 2 sampling methods (P > 0.05). When the OST was inserted to a depth of 200 cm, no differences in pH value, ammonia, acetate, propionate, butyrate, sodium, potassium, chloride, calcium or phosphorous concentrations were found between the samples collected via OST and RC (P > 0.05; Table 4 ).
DISCUSSION
Sampling Sites Influence Ruminal Fermentation Parameters
In the current study, the cranial dorsal (atrium) site of the rumen had a higher pH and sodium concentration and a lower VFA concentration compared with the other rumen sites. These results were consistent with those of previous studies (Bryant and Robinson, 1968; Duffield et al., 2004; Li et al., 2009) , even though some differences were found in the other rumen sites. It is known that the atrium (cranial dorsal site) of the rumen is separated from the other rumen sites by the front rumen pillar. During rumination, large amounts of saliva flow into the atrium of the rumen, leading to higher pH and lower VFA concentrations in the atrium of the rumen compared with other sites (Bryant, 1964) . These results indicate that the sampling site may be one main factor contributing to the difference in ruminal fermentation parameters between samples collected via OST and RC.
Insertion Depth of the OST Influences Ruminal Fermentation Parameters
The distance from incisors to different rumen sites may be related to the breeds and body sizes of cows. According to the measuring results of Geishauser (1993) in 3 German Black Pied cows, the head of OST could reach the ventral sac of the rumen when it was inserted to a depth of 200 cm, which agreed with our results in Holstein dairy cows. Our results also showed that the coefficient of variation of the insertion depth from the 1 HGC = heart girth circumference; BL = body length; BH = body height; DIC = distance from the incisors to the cardia of rumen; DIP = distance from the incisors to the front rumen pillar; DCV = distance from the incisors to the center of the rumen; DID = distance from the incisors to the distal point of the caudal-dorsal rumen. incisors to the fixed rumen sites was small within the observed BW range (BW = 604 ± 36 kg, mean ± SD; Table 2 ). However, for other breeds or body sizes of cows, the insertion depth of OST from incisors to different rumen sites should be confirmed in further studies. In this study, when the OST was inserted to a depth of 180 cm, the OST head was located in the cranial dorsal (atrium) site of the rumen. The ruminal fluid collected via OST had a higher pH and higher sodium concentration, but lower VFA, potassium, calcium, and phosphorus concentrations than those of fluid collected via RC (Table 3) . Raun and Burroughs (1962) and Wagner (1984) obtained similar results in pH and VFA concentrations and attributed them to the saliva contamination. From Table 3 , it can be seen that ruminal pH for the OST samples was approximately 0.32 to 0.46 higher than samples collected from RC when the OST was inserted to a depth of 180 cm. However, the results of trial 1 (Table 1) showed that the ruminal pH in the cranial dorsal area was only approximately 0.17 higher than that in the rumen ventral area. Therefore, in addition to the sampling site, some other factors may also contribute to the higher ruminal pH for samples collected via OST. The ruminal pH of the first batch was approximately 0.10 to 0.14 higher than the other batches, indicating that saliva entering the head of the OST during insertion may be another reason for the contamination of the ruminal fluid. Duffield et al. (2004) observed similar results and recommended discarding the first 200 mL of ruminal fluid. Also, Dirksen (1975) suggested that the flow of saliva induced by probing, passing from the reticulum to the atrium of the rumen, can also add to the severity of saliva contamination. Therefore, shortening the sampling time could also help reduce saliva contamination.
When the OST was inserted to a depth of 200 cm, the OST head could penetrate the fiber mat, pass through the front rumen pillar, and reach central rumen, even though the OST head may be located more in the rumen dorsal or ventral area. No differences were observed in pH and VFA, ammonia, and ion concentrations between samples collected via the 2 sampling methods by discarding the first 150 mL of ruminal fluid collected (Table 4) . These data agree with Geishauser (1993) and Geishauser and Gitzel (1996) , who considered that saliva contamination can be avoided effectively. In this study, we did not compare the difference between OST samples collected under 2 different insertion depths directly. However, the comparison of the 2 sampling methods indicated that the insertion depth of the OST may affect ruminal fermentation parameters. To reduce saliva contamination and increase the representativeness of ruminal fluid collected in dairy cows, the OST should be inserted into the central rumen for sampling, the first 150 mL of ruminal fluid should be discarded, and the sampling time should be shortened.
Today, various types of OST are used in ruminal fluid collection. Some kinds of OST use rubber (Raun and Burroughs, 1962; Hofírek and Haas, 2001) , plastic (Enemark et al., 2004) , or poly tubes (Lodge-Ivey et al., 2009) as a suction or nested tube. However, these OST are too soft to penetrate the fiber mat, and the ruminal fluid can only be collected from the cranial dorsal (atrium) site of the rumen. However, the Dirksen and Smith (1987) and Geishauser (1993) probes were modified OST. In these probes, the outside of the soft suction tube was nested with a stainless spiral spring, which guaranteed that it could penetrate the fiber mat, pass through the front rumen pillar, and reach the central rumen for sampling. Therefore, to guarantee the reliability and comparability of different studies, it is important to provide a detailed description of the types of OST used and how deeply they are inserted when using them for ruminal fluid collection. 
CONCLUSIONS
The results of the present study demonstrate that the insertion depth of the OST may affect the fermentation parameters of the ruminal fluid collected in dairy cows. The sampling site may be one of the main reasons for the difference observation of ruminal fermentation parameters for the samples collected under the 2 different OST insertion depths. Inserting the OST into the central rumen for fluid sampling could reduce saliva contamination and increase the representativeness of the ruminal fluid.
